The mid-Pliocene Warm Period (mPWP, represents the most recent interval in Earth's history where atmospheric CO 2 levels were similar to today. The reconstruction of sea surface temperatures (SSTs) and modeling studies have shown that global temperatures were 20 2-4 °C warmer than present. However, detailed reconstructions of marginal seas and/or coastal zones that enable linking climate evolution in the marine realm to that on the continents are lacking. This is in part due to the absence of precise age models for coastal zones, as they are generally dynamic systems with varying sediment and fresh water inputs.
Results 280

Stable isotopes of Cassidulina laevigata
Foraminifera preservation in the intervals 404-386 and 204-136 meters was either very low or non-existent. Furthermore, foraminifera were challenging to pick in the crag material (220- 
2). 295
Palynology
The palynomorphs in the Hank sediments are well preserved. The borehole can be divided into three main intervals according to the (co)dominance of the marine/terrestrial palynomorphs: 1, 2, and 3, which roughly correspond to the early Pliocene (1), mid-Pliocene 300 (2) and late Pliocene/early Pleistocene (3). In the deepest part of the borehole (404-330 m, 1), the marine component of the palynomorph assemblage clearly exceeds the terrestrial, as evidenced by the low T/M values (Fig. 3c ). An isolate sporomorph peak and (sub)polar dinocyst peak is visible at 383 m (Figs. 2f, 3c ). Interval 2 from 330-187 m shows a fluctuating ratio between the marine and terrestrial elements (Fig. 3c) . The cold-adapted 305 dinocysts also show fluctuations indicating alternating warmer and cooler periods (Fig. 2f) .
One striking feature is the increase in cold-adapted dinocyst abundance and simultaneous Osmunda acme at 305 m (Figs. 2f, 3c ). The third interval 3 spans the upper part of the borehole (187-136 m), and sporomorphs in particular dominate the spectra from 187 m upward, visible by the consistently high T/M (Fig. 3c) (Fig 2b) are the result of the abundance of (shell) concretions, not clays, and as such, do not indicate a more distal environment but rather a development toward a more proximal environment. At 154-153 m, the marine indicators in the borehole are reduced to just 0.5 % of the total sum of palynomorphs. However, the highest abundance of cold-adapted 315 dinocysts, mostly composed of taxa like Habibacysta tectata, is at 154 m (Fig. 2f) . This depth is also marked by the complete disappearance of several (sub) and Botryococcus. In contrast, the freshwater indicators are (almost) absent in intervals 1 and 2. The assemblages of interval 3 are also characterized by a fluctuating abundance of coldadapted dinocysts (Fig. 2f) .
The pollen assemblages are dominated by tree pollen, particularly conifers (Pinus, Picea, Abies, Taxodioidae-type (including Glyptostrobus and Taxodium), Sciatopitys, and 325 Tsuga), but with increasing proportions of grasses (Poaceae, Cyperaceae), and heath (Ericales) in interval 2, and significantly increased amounts of fern spores from 260 m and up (Fig. S1 ). The angiosperm tree abundances averages about 20% and shows no significant long-term change towards the top of the sequence (Fig. 3) . The angiosperm tree pollen record is diverse, although few taxa are continuously present, and consists mostly of Quercus robur-330 type with significant proportions of Pterocarya, Fagus, Carpinus and, above 240 m, Ulmus (Fig. S1) . The Taxodioidae-type shows a distinct long-term decline superimposed by three shorter minima in the end of interval 2 and beginning of 3, occurring at 205, 235 and 170 m (Fig. 3d) . Long chain diols used for calculation of the LDI index are below the detection limit in a large proportion of the Hank borehole. SSTs can be reconstructed for a select few samples 355 in sections 1 and 3, and they show scattered temperatures in a range of 13 °C (Fig. 2e) . The sediments in section 2 contain enough diols to enable a semi-continuous SST reconstruction.
The range of LDI SSTs in B is 4-18 °C (Fig. 2e) . The record shows a strong warming trend of 10-12 °C from 295-263 m, coeval with the trend in the U K ʹ 37 record (Fig. 2) . The %C 32 diol is generally high (~36-57%) in 1 and 2 (Early-Mid Pliocene; Fig 3c) , indicating a modest to 360 strong freshwater input (cf. Lattaud et al., 2017) . The % C 32 diol slightly decreases (10 %) over 294-264 m, indicating a gradually decreasing influence of riverine OM and/or an increase in the abundance of the C 28 1,13-C 30 1,13-and C 30 1,15 marine diols. In section 3, the %C 32 diol exhibits a strong increasing (21-59 %) trend (187-136 m; Fig. 3 ). (Fig. 3c) . 375
The ~15 km east to west seismic profile of the Meuse River, including the location of the Hank borehole, spans a depth of >500 m (Maas2002 survey, nlog.nl; Fig. 4) (Fig. 4) . The transition between the 395 two Oosterhout units is clearly visible as a downlap surface around 319-313 m that corresponds to a possible hiatus (Fig. 4) . Above this transition, an increase in water depth to ~200 m can be deduced from the height of the clinoforms where the topsets represent the fluvial distributary system and the clinoform breaks the coastlines. The topset beds in borehole Hank show an abundance of shell crag facies material corroborating the near shore 400 setting (Figs. 2a, 4) . The stratigraphic stacking is first purely progradational (clinoforms) and changes to both progradational and aggradational higher up, suggesting progressive fluvial influence replacing the marine environment. In the Hank borehole, this change is marked by a distinct clay layer at 292-271 m (Fig. 2a) . In the upper part of the second Oosterhout (Fig. 4d) . The pattern follows the same trends as the classic paleotemperatures profiles during the coeval Brunssumian, Reuverian, and Praetiglian terrestrial stages. These paleotemperatures estimates were largely based on Taxodioidae pollen abundances and other 415 warm-temperate elements (Zagwijn 1960; 1992) , but lacked the direct chronological control at the Hank site.
At the transition of the Oosterhout Formation to the Maassluis Formation, concave downward reflection patterns may reflect channel incisions into the topsets of the Oosterhout Formation (Fig. 4) . The Maassluis Formation (late Pliocene-early Pleistocene, <2.6 Ma) is 420 composed of horizontal and channel-like strata in the seismic profile (Fig. 4) 
Chronological constraints
Based upon the age model of Dearing Crampton-Flood et al. (2018) , it is clear that the sample resolution is too low to resolve a stable isotope tuning on Milankovitch time scales for the 430 older succession including the Breda and lower Oosterhout Formations (404-330 m). In contrast, the sample resolution is sufficient (i.e. < 6 kyr) for the depth interval above 298 m. A dramatic decrease in sedimentation rate in the initial age model (Dearing Crampton-Flood et al., 2018 ) is coupled with a hiatus indicated by a sequence boundary (SB) in the seismic profile (Fig. 4) 
